Although highly susceptible to orogastric candidiasis, T-cell receptor ␦-and ␣-chain knockout mice, deficient in ␥␦ and ␣␤ T cells, respectively, were found to be resistant to disseminated candidiasis of endogenous origin and to acute systemic candidiasis (resulting from intravenous injection).
Several immunosuppressive and immunodeficiency-related conditions predispose humans to candidiasis (12, 13, 15) . In general, animal and clinical studies suggest that T cells are important for resistance to mucosal candidiasis and to systemic candidiasis of endogenous origin. For instance, CD4 deficiencies in humans and T-cell defects in animal models, such as those found in SCID, athymic, major histocompatibility complex class I knockout (KO) mice and ␥␦-or CD4 ϩ -T-celldepleted mice, have all been associated with increased susceptibility to mucosal candidiasis (1, 3, 5, 6, 8, 11) . Some of these T-cell deficiencies, however, have been associated with hyperresistance to experimentally induced systemic candidiasis (1, 6, 8, 14) , thus suggesting that T cells inhibit clearance and may even contribute to the pathology of acute systemic candidiasis. To better understand the roles of different T-cell subsets in resistance to orogastric and systemic candidiasis, mice with genetically engineered deficiencies in ␣␤ or ␥␦ T cells (i.e., T-cell receptor [TCR] ␣-and ␦-chain KO mice, respectively) were used in this study. We now report that mice without ␣␤ or ␥␦ T cells are susceptible to orogastric candidiasis; however, neither T-cell subset appears to be required for murine resistance to acute systemic candidiasis or to systemic candidiasis of endogenous (alimentary tract) origin.
TCR ␦ and ␣-chain KO mice (Jackson Laboratories, Bar Harbor, Maine) and the corresponding C57BL/6 ϫ L129 controls were derived into the germfree state at the University of Wisconsin Gnotobiote Laboratory in Madison (1), and their gnotobiotic and T-cell-deficient statuses were tested as previously described (10, 19) . Germfree mice were orally swabbed with a suspension of 10 8 Candida albicans CFU/ml. Colonization of the alimentary tract by the fungus was confirmed 3 days later by culturing fecal contents on Sabouraud dextrose agar. At several time points following colonization with C. albicans, the mice were euthanized and their orogastric tissues-i.e., tongue, hard palate, esophagus, and stomach tissues-were fixed in 10% buffered formalin and stained with hematoxylineosin and Gomori's methenamine silver for histologic analysis (2) . These mice were also tested for extraintestinal dissemination of C. albicans by culturing spleen, liver, kidney, and brain homogenates on Sabouraud dextrose agar. The susceptibility of T-cell-deficient and control mice to systemic candidiasis was assessed by determining the fungal burdens in spleen, liver, kidney, and brain tissues of mice inoculated intravenously with 10 4 CFU of C. albicans. Between 10 and 30 days after colonization with C. albicans, both TCR ␣-and ␦-chain KO mice had similar grades of mucosal infection (histopathology scores of 2.5, as defined by the presence of budding yeast cells and hyphal penetration) but different incidences (100 and 50%, respectively) of orogastric infection (Table 1 ; Fig. 1 ). In contrast to beige-athymic mice, which are deficient in phagocytic cells and thymus-educated T-cell and natural killer cell function (5), adult TCR ␣-chain KO mice, deficient in ␣␤ T cells, and TCR ␦-chain KO mice, deficient in ␥␦ T cells, did not die when their gastrointestinal tracts were chronically colonized with C. albicans (30-day study). However, chronic colonization proved lethal for infant TCR ␣-chain KO mice. Ten 3-week-old TCR ␣-chain KO mice, born to and raised by two different C. albicansmonoassociated TCR ␣-chain KO mothers, became emaciated and died at about 21 days after birth. Their esophagi were occluded by C. albicans and squamous debris (Fig. 2) .
Unfortunately, TCR ␦-chain KO mice did not breed well under germfree or C. albicans-monoassociated conditions, so the role of ␥␦ T cells in conferring protection to young animals is unclear. Nevertheless, it is interesting that two pups that were born to a C. albicans-colonized TCR ␦-chain KO mother survived to adulthood and showed no indication of orogastric lesions when they were sacrificed at 5 months of age.
In summary, adult ␣␤-or ␥␦-T-cell-deficient mice can survive oral colonization with C. albicans; however, ␣␤ T cells appear to be essential for protecting infant mice from the lethal effects of a natural C. albicans colonization obtained by contact with colonized mothers. Immunocompetent C57BL/ 6 ϫ L129 controls showed no histologic evidence of orogastric candidiasis at the time points (30 days or at birth) examined in this study. In accordance with other studies (1-3, 5, 10-12, 14) , the hyphae and budding yeast cells present on mucosal surfaces of either TCR-KO strain of mouse colonized by C. albicans suggest that both ␣␤ and ␥␦ T cells participate in host resistance to mucosal candidiasis.
No disseminated candidiasis was detected in the spleens, livers, kidneys, or brains of orally colonized immunocompetent or TCR-deficient mice, regardless of the grade of mucosal infection sustained. The latter data suggest that ␣␤ and ␥␦ T cells are not required for protection of mice from systemic candidiasis of endogenous origin. Paradoxically, the absence of
CD8
ϩ T cells or the lack of an major histocompatibility complex class I classical or nonclassical antigen-presenting pathway does lead to dissemination from the mucosal surface to internal organs (3). Other immune system defects associated with dissemination include concomitant defects in phagocytes, natural killer cells, and CD4 ϩ T cells (i.e., bg/bg nu/nu mice [5] ), depletion of phagocytes in SCID mice (9) , and genetic abrogation of intracellular adhesion molecules which impair leukocyte infiltration and activation (7) . T-and B-cell-deficient SCID mice with intact phagocytic function, although somewhat more susceptible to gastric candidiasis than immunocompetent controls, manifest resistance to disseminated candidiasis of endogenous origin and to acute systemic candidiasis (2, 14) . Perhaps the disruption of the balance between T-cell subsets and phagocytic cell deficiencies lead to diminished resistance to disseminated candidiasis of endogenous origin.
Both TCR ␦-and ␣-chain KO mice eliminated C. albicans from the spleen, liver, kidney, and brain by day 14 after intravenous challenge with 10 4 C. albicans CFU, which is in sharp contrast with the 10 5 C. albicans CFU per g of dry tissue we observed in intravenously challenged immunocompetent controls (Fig. 3) . The latter results suggest that resistance to acute systemic candidiasis is independent of ␣␤ and ␥␦ T cells. Our data are consistent with previous studies with patients and animal models which have noted that defects in innate, T-cellindependent immune responses, such as those associated with chronic granulomatous disease or myeloperoxidase deficiencies, predispose humans to systemic, but not mucosal, candidiasis (13, 15, 16) . Also, in view of the resistance of T-celldeficient mice (references 3, 6, and 8 and this study) and in light of the increased susceptibility of B-cell-deficient (18), phagocyte-deficient (4, 5, 9) , and thymically reconstituted nude FIG. 1. Grade 3 infection of stomach by C. albicans in an 11-week-old TCR ␦-chain KO mouse that was colonized for 10 days. Arrows indicate hyphae. All adult mice used for this study were 8 to 15 weeks of age. Germfree mice were orally colonized by swabbing their mouths with 10 8 CFU of C. albicans as previously described (18) . At least two or three longitudinal sections of tissues were stained and examined for each mouse. Gomori's methenamine silver stain; magnification, ϫ80.
FIG. 2.
Occlusion of esophagus by C. albicans in a 3-week-old TCR ␣-chain KO mouse that was colonized at birth. Gomori's methenamine silver stain; magnification, ϫ80. a C. albicans infections at the mucosal surfaces of infected mice were scored 10 to 30 days after colonization as previously described (2) from 0 (no lesions were detected) to 4 (confluent fungal invasion of the mucosal surface was observed). All of the mice that were scored as "infected" showed yeast and hyphal penetration in one or more tissues. If infected in more than one tissue, the individual organ scores were averaged. The mucosal tissue evaluated consisted of tongue, hard palate, esophagus, and stomach.
b Numbers in parentheses are number of mice colonized/number infected.
mice (17) to systemic candidiasis, it is likely that B cells and/or phagocytes, rather than ␣␤ and ␥␦ T cells, play an important and dominant role in host resistance to acute systemic candidiasis. In fact, our data suggest that T cells may contribute to immunopathology in this particular presentation of the disease, because T-cell-competent mice were more susceptible to renal candidiasis than T-cell-deficient (TCR ␣-or ␦-chain KO) mice (Fig. 3) . Our experiments with these murine models support clinical observations that T-cell deficiencies are associated with susceptibility to orogastric candidiasis. Novel to this study was the observation that both T-cell subsets independently participated in host immunity to orogastric candidiasis while their presence during acute systemic challenge exacerbated murine susceptibility to renal candidiasis.
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